and y(t) and e(t) When there is no input into the system, u(t) = 0, the model given in Eq. 3 becomes (9)
The inverse discrete-time Fourier transform of Eq. 
Time Series Algorithm
AR models were computed for the nine parameters indicated in Table 1 . The Parameter Identification (PIE)) numbers listed in Table 1 are used to label the parameters on SSME data tapes. The additional parameters given in Table 1 and 109 percent RPL. In order to base the threshold calculations on a larger data set, both engine power levels were used in the determination of the failure indication thresholds. This was possible since the average signal power was not consistently higher at either power level. The 2-see window and 1-see time increment were selected for ease of computation. In a hardware implementation, the window could be decreased to minimize the initial computation time during which the algorithm would not be available for failure detection. Also, the time increment could be decreased to improve the failure detection capability of the algorithm. As in the time series algorithm, the mean was removed from the data prior to the application of the algorithm.
The average and three standard deviations of the average signal power were computed for all seven A2 nominal firings at both engine power levels. To calculate the thresholds, these values were combined as shown in Eq. (12). The expectation operator, E, used in Eq. (12) was previously defined in Eq. (6). A factor of safety from 1.5 to 3.5 was needed to ensure no false failure indications for the A2 nominal f'rrings.
The safety factors reflected the variations in signal behavior observed over these firings. The thresholds and safety factors are given in Table 2 . When used in the failure detection mode, failure of the average signal power of a parameter to fall beneath its threshold results in a failure indication.
For some of the parameters sensitive to venting and pressurization, the required safety factors were greater than 2.5. These parameters were the HPOT discharge temperatures (PIDs 233 and 234) and the Prebumer Boost Pump (PBP) discharge temperature (PID 94). The high safety factors were attributed to the transient behavior introduced by the venting and pressurization processes. As with the time series algorithm, the average signal power algorithm could be applied to a larger set of parameters if the effects due to these processes could be removed. In addition, the HPFP shaft speed (PID 260) also required a large safety factor. This was attributed to the extremely noisy signal observed for this parameter. The larger safety factors decreased the ability of the average signal power algorithm to detect engine anomalies, tM.aebydegrading the effectiveness of the algorithm. Thus, the parameters which required factors of safety greater than 2.5 were not used for failure detection.
Results and Discussion
Failure indication thresholds were established by applying the time series and average signal power algorithms to seven A2 nominal tests. Four anomalous firings and one A1 nominal firing were tested using the thresholds given in Table 2 .
The four anomalous test firings analyzed, A2-249, A1-340, A1-364, and A1-436, were all High Pressure Fuel Turbopump (HPFTP) failures. Detailed failure summaries may be found in Ref. 2. These firings were chosen for two reasons: (1) the failures occurred during steady-state operation of the engine and (2) the firings exhibited failure indications before redline cutoff values were attained. In addition, a more recent nominal firing, AI-618, was also tested against the thresholds to ensure that false failure indications would not occur. Although only HPVrP anomalies were considered, performance parameters from many parts of the engine were selected. The high degree of interdependence among engine components typically causes a failure in one component to quickly manifest itself throughout the engine.
In applying the time series algorithm to the parameters indicated in Table 1 , a series of plots was developed to evaluate the validity of the computed models. Figure 2 displays an example of the plots necessary in determining validity of the AR[5] model for the HPFP discharge pressure for test A2-463. Figure 2 (a) displays the five zeros of the model, along with the uncertainties in their locations. The uncertainties are calculated for both the real and imaginary parts; thus, the uncertainty in location of the real zero is given by a line. As required for stability, the zeros all lie within the unit circle, and their uncertainty regions do not overlap or cross the unit circle. Figure 2 (b) compares the trends in the frequency response of the model with the trends in the frequency response of the actual data. As can be seen, these two curves respond similarly with frequency. Finally, the autocorrelation function of the residuals for the 4-see model computation window is given in Fig. 2(c) . The autocorrelation of the residuals is well within the confidence interval for lags greater than zero, indicating that the residuals are random noise as required. These figures demonstrate that the AR[5] model is a valid predictor of the I-IPFP discharge pressure. A model can be checked in real-time; however, it cannot be recomputed using a different order number. Thus, the failure detection capability of the time series algorithm would be compromised as lhe number of parameters with invalid models increased.
When space permitted, all of the times at which the time series algorithm thresaolds were exceeded are included in Table 3 (a). For some parameters, the times that the thresholds were excc_:ded were too numerous to list completely.
For these pltrameters, the first failure indication times are given, as well as those times which An example of the computation of the average signal power for a nominal test firing is given in Fig. 4 . The interval over which the average signal power was computed for the HPFP discharge pressure for test firing A2-457 is given in Fig. 4(a) , and the resulting average signal power is given as a function of time in Fig. 4(b) . The fluctuations in the average signal power were observed in all of the nominal firings and were considered normal. The fluctuations were taken into account in calculating the thresholds for the
parameters.
The HPFP discharge pressure had a threshold of 436, well above the maximum average signal power shown in Fig. 4(b) . The two types of failure indication times determined for the time series algorithm were also considered for the average signal power algorithm. The first failure indications for the average signal power algorithm for tests A2-249, A1-340, A1-364, and A1-436 were 61, 21, 149, and 32 sec, respectively. These times were at least 240 sec earlier than the corresponding redline cutoff times which are given in Table 4 (a). The first time at which two or more parameters exceeded their thresholds are given for each anomalous test firing in Table 403 ), along with the number of parameters which were in agreement. Generally, the first simultaneous failure indication times were substantially earlier than the redline cutoff times. As with the time series algorithm, the simultaneous indication of a fault by two or more parameters increases the likelihood that an actual engine problem has occurred and minimizes the chance of erroneous failure indications. Tables  3(a) 
A comparison between

A1-436
369 Table 3b .
The first times, in seconds from start, at which two or more parameters simultaneously indicated failure,and the number of parameters which exceededtheirthresholdsat these times. 
